









































that a new generation of ultra low-yield nuclear weapons would implement the Russian strategy,
and Russia should be clear that these weapons would be used in future limited conflicts.*

In addition to their likelihood of use, the increased capability and large numbers of
FGNW leads to incentive for first use against an opponent, which affects deterrence stability.
Unlike with conventional weapons, a precisely delivered FGNW can both destroy a hardened
nuclear silo and deliver localized, short-term high-energy neutron radiation that overcomes
radiation hardening and damages electronic components.®® The near total destruction of one
nation’s nuclear arsenal may lead to retaliation with the remaining fourth generation or
thermonuclear weapons. Even more disconcerting is the concern of possible outright destruction
of a nation’s retaliatory ability. This concern triggers a circular logic of unacceptable
consequences that drives both sides to consider preemptive strikes.

With precise FGNW, one could achieve greater effect on a small target or greater area
effects with massive numbers of weapons by using a combination of shock and high-energy
neutron radiation. This ability holds at risk large or hard and deeply buried targets in ways
different from before. FGNW can deposit a massive amount of radiation into a target that
produces a shockwave directly in the target.>” This is more effective than creation of a
shockwave external to a target that then moves through another medium (air or ground) to the
target. Present nuclear weapons transmit less than 10% of total shock energy to a target. In
contrast, a FGNW can directly transmit as much as 50% of its shock energy.>® Specialized third
generation fission nuclear weapons can produce similar effects but are not as clean as FGNW.

The resulting vulnerability of a hardened response force may force a reconsideration of
the present makeup of nuclear forces. This may lead to a focus on a well-dispersed deterrence

force consisting of frequently moving mobile missiles and submarine launched ballistic missiles.
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Fixed airfields would be especially vulnerable during a no-notice strike, and this may lead to a
frequent repositioning of dispersed bombers or a revisit of the nuclear bomber alert posture.
Ultimately, FGNW capability is likely to lead nations to move away from fixed, hardened
nuclear forces and toward dispersed, mobile nuclear forces that are more difficult to detect and
destroy.

Additionally, the possible use against space-based assets becomes much greater. Present
attacks against space-based assets are precise Kinetic strikes with resulting extensive debris
fields. Nations avoid the use of fission-based nuclear weapons as these weapons result in the
pumping of electron radiation into the VVan Allen belts, which destroys all nations’ low earth
orbit and some medium earth orbit satellites.”® FGNW, unless specifically designed to do so, do
not have the equivalent challenges. The resulting short-term neutron radiation is somewhat
localized and effective against individual satellites, and the deposit of electron radiation into the
Van Allen belts is limited. The result is an anti-satellite weapon capable of destroying individual
satellites without creating a hazardous debris field for other satellites. This discriminate
capability makes space-based warfare more likely.

The Third Nuclear Age’s potentially increased use of nuclear weapons also has nuclear
strategy implications. To date nuclear strategy dealt with two broad categories: type of target
(counter value or counter force) and mass of response.®® In one regard, an FGNW is an optimal
counter value weapon in that along with the low explosive yield, it delivers massive high-energy
neutron radiation that is particularly effective against people. This is a revisit of the neutron
weapon. FGNW are also effective against hardened or deeply buried forces, which lends to a
counterforce strategy. What is likely is a combination of the two, with a focus on massive salvos

of low-yield weapons overwhelming a target country with multiple warheads dedicated to each
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target. While invoking images of multiple independently targetable reentry vehicles (MIRVS),
the approach with FGNW would be slightly different. After reentry, the MIRV could dispense
several FGNW in a fashion similar to a cluster bomb. Several small FGNW weapons striking a
target may be more effective than a single megaton-class nuclear weapon and with magnitudes
less radiation.

This marks a new approach to nuclear strategy. Before FGNW, nuclear weapons were
not precision weapons. They were weapons with limited precision and long-term radiation
effects resulting in huge numbers of deaths that included people downwind from the blast. Even
the second-order genetic effects lasted for generations. FGNW may become the common
artillery shells and bombs of the future and allow low-yield nuclear strikes on targets en mass.
As Freeman Dyson noted, one of the attractive characteristics of fusion weapons is the ability to
produce them economically in large numbers.®* This also leads to their likely use as warfighting
weapons. The Gulf War and following conflicts demonstrated the efficacy of precision
conventional weapons. Precise delivery combined with FGNW may be the true realization of the
suggested RMA in the 1990’s. The small size, coupling effects, localized radiation, and multiple
weapons per target may be better than one large nuclear weapon.

The utility of FGNW goes beyond nuclear targets and broadens to non-nuclear targets
with a focus on strategic effect and not strategic (nuclear) weapons. The ability to destroy
effectively large portions of a nation’s economic structure, its political leadership, and/or
warfighting capability would lead to a massive systemic disruption without the first-order
massive casualties of a fission weapon-based exchange.®? The resulting warfighting theme may
move beyond mass destruction and concentrate on mass disruption with a focus on attacks

against political leadership, economic targets, and military command and control. Combined
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with a high-altitude nuclear detonation and resulting electromagnetic pulse, the combination
punch would have long-term, disruptive impact on a nation.®®

When combined with rapid, global strike delivery platforms, FGNW make decapitation
strikes more likely and effective. Leadership groups are especially vulnerable. Striking political
or military leadership is lucrative and can have effects at the tactical, operational, or strategic
levels of war.

Verifying the numbers of FGNW is especially challenging. The small size of FGNW
make them easy to conceal. Further, the weapons do not require the extensive infrastructure
associated with special nuclear materials like refined uranium or reactor-breed plutonium.®* A
nation producing FGNW will have the ability to separate deuterium and tritium and will likely
have an advanced physics program.®® However, these characteristics do not necessarily lead to
having FGNW and are not indications of the number of weapons a nation may possess. Despite
this, one must entertain that these nations have a latent ability to be a fourth generation nuclear
powers.

Additionally, while historically a good measure of nuclear warfighting ability, counting
traditional nuclear delivery vehicles will not indicate a nation’s FGNW capability. Some present
methods of verification rely upon counting bombers, missiles, and submarines. These systems
are the modern equivalent of dreadnaught battleships—easy to count and with known
capabilities. The ubiquitous and less complex nature of FGNW will lead to their mating on
numbers of common weapon systems. This weapons system agnostic approach to delivery opens
a vast number of possibilities previously unconsidered and exponentially increases potential
targets. The inability to verify numbers of weapons and the absence of an associated nuclear

infrastructure is problematic for counter proliferation efforts.
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In addition to verification challenges, there will be a difficulty in attributing attacks. The
inability to attribute creates serious implications for the US. The ionizing radiation in present
fission-based nuclear weapons facilitates detection. Additionally, certain traits of nuclear
components leave “fingerprints” that can assist in the attribution of nuclear weapons.®® In
contrast, FGNW are not likely to have either the ionizing radiation or the distinct fingerprints
characteristic of fission weapons. This also makes FGNW attractive for unfriendly nations and
an overall challenge to mutual trust.

Additionally, the inability to verify weapon numbers or attribute detonations pose
significant challenges in the hands of non-state actors. One present method to ensure weapons
remain out of the hands of terrorists is the ability to attribute a weapon to the nation providing
it."” FGNW will be difficult to detect and attribute, making them a terrorist’s dream weapon.
FGNW could be strategically pre-placed and await command detonation; the result is massive
numbers of difficult to detect, pre-planted, command detonated, un-attributable, long-term latent
nuclear devices.

Unfortunately, one cannot just consider the threat of clean nuclear weapons to be a pair-
match between the US and Russia; the relationship will instead be multipolar. FGNW could be
more common as nations pursue fusion power research. It is challenging to limit fusion research
and development as it is a distinctly dual-use technology. Attempts to limit fusion technology to
civilian-only use may be pointless. Futurist Peter Scott-Morgan notes that in an era
characterized by increased globalization, digitization, miniaturization, networking and
simulation, the spread of the science, technology and weaponry is virtually guaranteed.®®

The sharing of fusion technology will likely result in increased access to FGNW. Fusion

weapons will be easier and cheaper to produce as the technology for doing so proliferates. If the
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technology is not shared, the result will still be a world of haves and have not’s. In the Third
Nuclear Age, nations with FGNW may no longer see a need for fission-based nuclear weapons
and dismantle their inventories. However, fusion weapons will not lose their attractiveness to
those who cannot produce them. Nations not possessing FGNW may perceive an asymmetric
weakness and look for a counter in the same way they presently search for a balance against the
US’s superior conventional capabilities. The result may be a new arms race of fission weapons

by have not nations.
Conclusion

As the world inches toward fusion technology, fusion weapons are a natural step along
the way. Fusion weapons are likely to predate fusion power as one only needs to obtain a yield
from a fusion reaction rather than to sustain it. Once achieved, FGNW will forever end the
notion that nuclear equals strategic as these weapons become common warfighting tools. This
frequent use of FGNW marks the Third Nuclear Age with characteristics different from the
previous two.

In this new age, the number of nuclear nations threatens to increase as dual-use fusion
technology leads to multiple FGNW-capable nations. Those nations deprived of fusion
technology and FGNW will likely spawn a new fission arms race as they look for a counter
capability with fission nuclear weapons as the likely candidate.

The nature of deterrence remains unchanged in the Third Nuclear Age, and the likelihood
of deterrence by punishment is increased. A fission-based strike and counterstrike would lead to
massive destruction and radiation-wasted land for both combatants. This ultimately denied any
advantage to using nuclear weapons. FGNW do not have the same radiation burden, and

deterrence in the Third Nuclear Age will be by punishment. The increased likelihood of use, the
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low radiation burden, and the conventional-like results naturally lead to the use of FGNW
without the long-term effects.

In the anticipated two-decade lead up to the Third Nuclear Age, the US has an
opportunity to shape this age. First, the US must recognize that the world is on the cusp of
FGNW and investigate policy and treaty protocols in anticipation of their development. That
investigation must include the present generation of clean fission weapons already deployed and
considered tactical warfighting weapons. As mentioned, the discussion of FGNW is a useful
surrogate for considering the present generation of Russian clean fission weapons.

Next, the US must lead the world in reducing the number of tactical nuclear weapons.
The opportunity to do this is in the next round of nuclear arms reduction discussions. New
START limited strategic nuclear weapons and left tactical weapons untouched. As reflected in
Russian warfighting doctrine, the world is in greater danger of a nuclear conflict initiated with
tactical nuclear weapons than with strategic nuclear arsenals. It is under the umbrella of tactical
nuclear weapons that FGNW will likely reside.

Ultimately, the best way for the US to contend with the arrival of FGNW is to lead in
their development. The failure to investigate the consequences of these weapons in the hope that
they will not be realized is wishful thinking. As was the case with fission weapons, once the first
nation develops FGNW, others will soon follow. By aggressively investigating fusion
technology and FGNW now, the US has a greater freedom of action in future military and
diplomatic efforts. Otherwise, the US will find itself in a position of intolerable weakness in
negotiations and conflicts. The US relies heavily on its advanced conventional capability and
may find itself at a distinct disadvantage against a similarly capable opponent, armed with

FGNW, and backed by thermonuclear weapons.
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The development of FGNW is simply a matter of time—it is not a question of if, but
when. When FGNW become a reality, they will cause significant instability in and
fundamentally transform the nature of the international system. Thinking about the
consequences of such a world and the policy options to deal with it are prerequisites to

developing an appropriate national security strategy.
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Notes

All notes appear in shortened form. For full details, see the appropriate entry in the bibliography.

! A way to conceptualize the yield of FGNW and present conventional weapons is to consider
that the standard Joint Direct Attack Munition (JDAM) is a two thousand pound weapon of
which half is explosive weight. Thus, at the lowest end a FGNW would have the explosive
equivalent to two, 2,000-pound JDAMs. At the high end of 100 tons yield, it would be roughly
equivalent to eight fully loaded B-1 bombers.

2 Gsponer states that the ignition of thermonuclear pellets in inertial confinement facilities
(ICF) is possible within a decade. He admits that weaponizing this reaction is a “formidable
technical challenge.” Gsponer et. al., The Physics of Thermonuclear Explosives, 12.

® There are other possible avenues of producing FGNW. Some sources include transplutonic
and super heavy element weapons in the category of FGNW. This paper omits these from
consideration as they are still fission-based reactions and yield substantial fallout.

* This era also marked significant negotiation on arms control resulting in several treaties:
Partial Test Ban Treaty (1963), Outer Space Treaty (1967), Strategic Arms Limitation Treaty
(SALT 1, 1972), Ant-Ballistic Missile Treaty (1972), Threshold Test Ban Treaty (1974), and the
Strategic Arms Limitation Treaty (SALT I, not entered into force).

® Gray, The Second Nuclear Age, 22.

® Ibid., 22, 39, and 41.

" For a discussion see Nina Tannenwald’s The Nuclear Taboo, 8-11.

® Nuclear Weapons Archive, “North Korea’s Nuclear Weapons Program.”

% Gsponer et. al., The Physics of Thermonuclear Explosives, 105.

19 Deuterium, commonly known as heavy water, is an abundant, stable isotope of hydrogen.
Tritium is a radioactive isotope of hydrogen. Deuterium and Tritium are the fuel sources for
fusion reactions, and the resulting reaction produces a large number of high-energy neutrons.

! Nuclear Weapons Archive, “Section 2.0.”

12 There is also a radiation released in the form of x-rays.

13 Bridgman, Introduction to the Physics of Nuclear Weapons Effects, 171-172.

14 Gsponer et. al., The Physics of Thermonuclear Explosives, 45.

1> Glasstone, The Effects of Nuclear Weapons, Third Edition, 325.

18 Marshall, interview with the author.

7 Nations conducting ICF experiments include China, Czech Republic, France,

Germany, India, Israel, Japan, Russia, South Korea, United Kingdom, and the United States.

Taken from Wood, "Fourth Generation Nuclear Weapons,” 5.

18 Nations conducting MCF experiments include Australia, Brazil, Canada, China, Czech
Republic, France, Germany, India, Italy, Japan, Portugal, South Korea, Spain, Sweden,
Switzerland, United Kingdom, and the United States. Taken from Wood, "Fourth Generation
Nuclear Weapons,” 5.

19 Gsponer et. al., The Physics of Thermonuclear Explosives, 137.

20 1bid., The Physics of Thermonuclear Explosives, 105.

2! Harvey, interview with the author.
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22 Comprehensive Test Ban Treaty Organization, "Comprehensive Nuclear Test Ban
Treaty,"1-2.

23 Office of Arms Control and Nonproliferation, The National Ignition Facility (NIF) and the
Issue of Nonproliferation—Draft Study, Section E.

2+ Gsponer et. al., The Physics of Thermonuclear Explosives, vi.

2> Bethe"Letter to President William J. Clinton."

%6 Gsponer et. al., The Physics of Thermonuclear Explosives, vi.

2" Marshall, interview with the author.

%8 \Wood, "Fourth Generation Nuclear Weapons,” 9.

29 Marshall, interview with the author.

%0 Macgraw, "Teller and the the ‘Clean Bomb’ Episode," 32-37.

31 Dyson, "The Future Development of Nuclear Weapons."

%2 Kaku, Michio, Physics of the Future, 9-11.

% Dyson, "The Future Development of Nuclear Weapons."

* Harvey, interview with the author.

% Central Intellience Agency, "Evidence of Russian Development of New Subkiloton Nuclear
Warheads," 3.

% Ibid., 4. The Peaceful Nuclear Explosions (PNE) initiative investigated the use of clean
nuclear weapons for civilian projects such as building harbors.

37 Central Intellience Agency, "Evidence of Russian Development of New Subkiloton Nuclear
Warheads," 1.

% Defense Science Board, The Nuclear Weapons Effects National Enterprise, 3.

% Schneider, The Nuclear Forces and Doctrine of the Russian Federation, 1.

%0 Central Intellience Agency, "Evidence of Russian Development of New Subkiloton Nuclear
Warheads," 3.

1 Schneider, The Nuclear Forces and Doctrine of the Russian Federation, 1.

%2 Central Intellience Agency, "Evidence of Russian Development of New Subkiloton Nuclear
Warheads," 3.

*3 Goodrum, interview with the author.

* Ibid., interview with the author.

*® Gray, The Second Nuclear Age, 9.

*® This paper is an effort to deal with the most salient questions. The author understands there
are additional unasked questions.

* Schelling, The Strategy of Conflict, 5; emphasis in the original.

*8 Schelling, The Strategy of Conflict, 187.

%9 Sagan, The Spread of Nuclear Weapons: A Debate, 6.

*%|bid., 6.

*! Ibid., 22-25.

> |bid., 7.

>3 Schneider, The Nuclear Forces and Doctrine of the Russian Federation, 1.

> Central Intellience Agency, "Evidence of Russian Development of New Subkiloton Nuclear
Warheads,"1.

*® Schneider, The Nuclear Forces and Doctrine of the Russian Federation, 20-21.

% Glasstone, The Effects of Nuclear Weapons, Third Edition, 346-350.
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> Gsponer, Fourth Generation Nuclear Weapons: Military Effectiveness and Collateral
Effects, 31.

%8 Ibid., 31-34; specifically designed third generation fission nuclear weapons can have
similar effects.

% Foster, Report of the Commission to Assess the Threat to the United States from
Electromagnetic Pulse (EMP) Attack, 162.

% Freedman, The Evolution of Nuclear Strategy, 120-128. Counter value refers to targeting
those things on which a nation places substantial value, most often this is the population.
Counterforce describes targeting the warfighting forces, most often nuclear forces.

%1 Dyson, "The Future Development of Nuclear Weapons."

%2 Massive second order casualties from the disruption of services is highly likely.

% For a discussion of the systemic effects of an electromagnetic pulse (EMP) strike, see the
Report of the Commission to Assess the Threat to the United States from Electromagnetic Pulse
(EMP) Attack. For a fictionalized account of the consequences of an EMP strike, see William
Forstchen’s One Second After.

% The process of creating these materials as well as methods of nuclear weapon construction
lends identifiable characteristics to nuclear weapons.

% 1t requires a nuclear reactor to produce tritium. Or, one can purchase tritium as it is not a
material regulated by treaty.

% Greene, “Fingerprinting Nukes.”

® House, Nuclear Forensics and Attribution Act.

% See Scott-Morgan, The Reality of Our Global Future.
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